Organic chemistry in Titan׳s upper atmosphere and its astrobiological consequences: I. Views towards Cassini plasma spectrometer (CAPS) and ion neutral mass spectrometer (INMS) experiments in space by Ali, A. et al.
Organic chemistry in Titans upper atmosphere and its
astrobiological consequences: I. Views towards Cassini
plasma spectrometer (CAPS) and ion neutral mass
spectrometer (INMS) experiments in space
A. Ali, E. C. Sittler Jr., D. Chornay, B. R. Rowe, C Puzzarini
To cite this version:
A. Ali, E. C. Sittler Jr., D. Chornay, B. R. Rowe, C Puzzarini. Organic chemistry in Titans
upper atmosphere and its astrobiological consequences: I. Views towards Cassini plasma spec-
trometer (CAPS) and ion neutral mass spectrometer (INMS) experiments in space. Planetary




Submitted on 19 Nov 2015
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$	.,<B4 	&B5 =	.,<B&B =	.,<B4 	
B5 =#,-"",,	*4',,	*77*,
,;*",+""5B5 B
C
	""/B5 B
C
	
"8B( B
C
	+,7,,5B/ 
C
	/B/ 
C
	8B5 B
C
-


0 %*,,,"*<G&''/=
,,,"+$
,""*,"<M&''@=;
/,,*",+,
 7
$
*,,"$70*,*,&**,,
";,
,-,",+*EF B
*
*,;<,+$,,,=;*,*,
,,0 %7
0,*,+ 7
$
,;K,""*,",1
*"3$QZ 
C
7
$*", 7.*
,	
,,+,+,*.,+*+$"EF 7
B<=
**,$,7",-*",**,
*";K,"
*,
,,,,2XB&FB7Z 
C
7BYXB&
C
7BFF 7BY;
"$
"*$,"**,*,
AK,,$"+
","*"+,,,<A
S-,.@8L=$*
*	QZ 
C
7,$-,
,*,,	
AK,,,+"+*,+-,*", 7
.*,,$$,,,""-,*+$
--$QZ 
C
7
3",*.,+"$<
&''=	,,
*,*,$,",$
*
*+QZ 
C
7
,*$*",,
.,	.,	.,*",,,'S<*",
-+;K,*,",,=B$,<B =,

;K,*,"++,*<%&'=,$,*

B,,"
,-0,
"",,,-*
+B B
C

-,$;K,""*,",*,.
"+B <%&':&''=%,*,+,,-
*
,+,*,,*",,

;+8B5 B
C
<
;K,*,":M&''@=,

,	,,""	*
$*EF 7

*,+;K,""*,"$ 
$*0*8',
"$,,++8B5 B
C
+**,*+
*,,*,	,,B&
C
*7,
,--+1<",+
,
,,/="B$","
 
*;+&B/8B5 B
C
+,+*,,*XB&
C
7BF 78B5Y$
D+*+B&;,,
**$,,,+
5

$*,+*
"
$,+,
+-7**
$$*+$"<*8'=#,
*XB&
C
7BF 78B5Y,B&
C
*7,
,--<",/=+

"
,1D+B&*,-*",,
*
*	,,*8';+*+ 7$
""<"=&BL 
C
",+*+
B&
C
71,
*$,1D+*,+B&*
8';",+B&
C
,
,1,,*"+&B/
,*B&
C
,
,--+7
$7
",,*B$","
 *<*",*
,+/B' 
C
,,*4'=$,*8'	*--
+*,,*,"*5'*,*$;K,""*,";
$-3*"	+""8B5 B
C
-+,,"+
,

-*,,XB4B
C
7BF 78B5YB&;,1
+,,*--,*--+*,
$*,+
7

+*
**,<&'4=
0",,$*,--$
*,	,,",
",<,",
,-;K,""*,"=	$+,,",

,",<*&''':*&''&	&''8=;

*,*,
*,+)<1*",1)+*=
1<@L/:"@L5=-*,*,	,, 
&B	",*".,.,*","+;K,""
*,",,;,"$,",$&

*,+$2
&BCB<=&B[B<=&C&BCB<=
 CB<=&B[B<=& CB<&=
*",
'&@LS	,,,,,"
;)*,*,+*""+,,+,7
*,,*";,'S	*
,.<=$,,;",+,*",
*,,,3",,,*"<	-$+,
$

$,",=$<*&'''=2*,+
,7,,,7,
	
2	
	
			
;,-+*,,",	+*,*"+$,
,*,*,+",<%&''8:$&'':B
,%
8

&''L:,&''(:G&''(=+,,-	,"",",
+,,,	,,*,+*,,$

,-,",.+,","+$-$,<
&''8=+",$,,+*,+$-,
,-
,,
,"*<?=<,&''(:G&''(=	+,,,,

,",+*.,,**,	,
,
,"
*,;
;
,","*,*,+*
+
,
;,
,$"$,",
#,+**-,","+,<;,
&''L:!"&''(:%;,&''L	+,:!

&''(=	,
,1,,,-+8B
7
LB
7
,
*;%7<%&''8:.&''(:%&''(=	+
 
7
	/B
7
	8B
7
	LB
7

7*,-"0C'&8<$&'':
%&''8:*D&''(:&''(=	+8B
7

*,,,7+*$$+?5&(<.&''(:.&''L=+,,	.
1,,,,+*.,<B
,A,*&''L=	*,+
,*,<B
,&''	&''5:*&''&=
-,"-
3"+
,-*
,?$*$	B
,,$$,<B
,@L=
*,
+*,"--*;,,-
*,",,,*
,
.	+
3*"2
C&B&[&B
7
CB<4=
0*,,,	,,-*,*",,	,
$$+
		++	,$,*$
$
*
0,+3*"
-	7B
$,5(M<-
@@'=,$++<;@@L=+&B		\4'M;
*";,**","+,,;+	
,,-*,$7-
+$-+*;
3*,,-**",,,,
-
"",<@@8:B
,@@(=++*+ 
7
+*%$  
7
+*
B ,*+2
C%$ [ 
7
C%$</=
CB [ 
7
CB<5=
A,$+-*",,,*-;*+
*,",,*,",,+,2
C<
7
= 
7
C]<8=
(

#,	+*+,*"3<
7
=-+",,
,$,.;,,",-,
+*"3<
7
=$,+

7
,

.;,",,**"*		
-,",,+",.70,",,,

+,,+*+*$,,
++0+",,,",7,"+*.,<B
,
A,*&''L=	$++*+O,*"3P	,
,1
,
+$*$,-
,,,,
,,
,,,"",,*+*
*"$"
+*+*"3),	$,*,	,,*3**,+
1*,,$++*+*"30+,",,+,
,,

,+*-
$,++*-
*"3	,
*,.,-*
+
$,

-,,
3"	+++*+,-,"",
+-
1*,,+B
7
<F&7L=,$,	
,
+O*,"-,
P1<8=	+*-*,,,
*++*+,$-$,*-,,+*$,
-3",,<B
,A,*&''L=0,*""7

,,3,+,,+,-,++$"**,<$&5

:!&''=
"*,",",,,,
"7
3,,",$+-**
",,,<,+#$/+!<&''==;,"7
,,$
"**,,$
$,+,",	-

3-,
-,,**+3
-
-,**,#,
,,<!&'':
@LL=?
"*,",",,,*,+*,
+-
#,
,,
,$+$,-,
*",*"++*",,+*+
$-,<!&'':?..@L(:J.*@@8:J.*@@8
=
B
,A,*<&''L=++,+-*,

B<F&7L=,,$O",7,"P
,,*","7
,,
OP,,+-*
",,0+,,**"33,-+,,$,	,,
+$,*"3",,+.7<B
,A,*&''L=2
.7FI^<(=
,,"+$<*,
7
=^,,+-
,,+*"3<X*
7
Y
7
=
$""3*1++0+"",7,,,*"
1<8=	-+++*S,$-
+$
3",,2
SF<..=I<.C.7=<L=
L

0+,+-
,,,,++$,.7R.	--*
S++,""3*$-
.0+*+",7,"	-
*++,$-
<B
,@@(:B
,A,*&''L=2
.F
&
!<&UI<*
4
.;==
I&
_/@L3'
7(
!<;I4''=
7I&
<@=
!,+$7,$+"+,+
,G*",*""-**
++,-
*,$,,,+*,*"",7,"
$,<B
,A,*&''L=	-*,+B
<F&7L=,,,++,+#`8	
++,,*		*,-,,*
).
,-,+$-,,,"	+*,
;K,""*,",
,,7?,"*<,,&=;
*+$-,;K,""*,",""7,,"	
,.*,"**,;
,"*?,$,$*,.$,
+,+
",*"",<J$&''/=	,*"-++
*",+*,,,+*,*,*,,,+$7*
,"$*,
?-,,,".,,"+

*,+,,",<,&''(=;-,++**$
,"*,,,"+,$$,,**F54&-	,,
*,,,+$-,,,*",$$<,&''(=
$,<aI=+7?,8(N<J$	&''/=	*,,,-$"
+
,*?,"+1++*",,"$*,,,
?,"*	,,,*"<,&''(:M&''@
=
%-	,"+"+,*+*,,,
+,
,,$",-+$-,;K,""*,",?
,"*3,*,,,"4	L''*I1<,&''(	&''@=;,*,
+*+,-,;,,,""*,"A
,,++*",*$+*,,,"*		

,*"*,*,,<M&''@
	,&''(=$-
$",-$*,,;,*$--,$-$
*"3$**,Q
,7?"$*,
,,
+,,-,+*,,;K,""*,";
1,,2,-$*<"*=*,,+4	L''*",
,",**,$
."+,H0
,-.,1,
,
,*,
,,
,"+;+,,",,1,,$*+*,*"
*,,D$*"*,$**,;K,""
@

*,";,,$,.1,,.,*,*


*,+
, 7
$*,
;$-,"*,,,".,&&b///bL*I1",,

".L&b/*I1<M&''@
=;*,$-*,*

,,*,,".,,-7?
*,,,"* 
7
	4 
7
I/B
7
5 
7
	,"-<M&''@
=0M<&''@=,D
,,-**B 
,"*,$
CB [ 
7
CB,+*+$-,<,,,,
=$
,*	$-$,,+**,	,,B4 	B5 
/B&	-",+,3*","-
+$,
 
7
CB4 [4 
7
CB <'=
 
7
CB5 [5 
7
CB <=
;,",+,
$,,+,,*7
,"2
BC
7
[BC
7
<&=
;,,+3*",++*B,$
,
7
$,",
*",+-,,		
'&''S	$*
-
;*,.,,**"++
 
7
	B4 	-
"+*<,&'=,$,
#$+$?$*
7%,,"*	#?7%<@@5=;,,,
,+<'=,.F/Lc'
7@
*
4
I,+4'N0
",,$*$
,$3"*-,$,
*",,$)1<@L/:"@L5=%,*,+
*""+,,+,*$,",+,
,
,$*"0*,,,	"$,"+,
,*+*,;*,
:
-+*+**"-,,+,**,<M&''@
=
;*";",.,+-,*",,,
;.$,
+,,"**,
?,-
	*

"".+-,",+,$<M&''@
:G
&''@=0.	,1
*;
.,\	'''S0+,
*1
*
,	,*";,
.
,\5'S<G&''(	&''@=#*1<@=	-*
++,-,"",1+*"*",,,
\5'S	-,,
,	,,&B<F7/=	,*
*-",,,	,,*,,-*",+
,	*,+$-*,;K,,"%-	",7
,"<B
,A,*&''L=,$"$
$3
&'

,,*,"3,,;,-*,,
++,+#`4	++,,*		
-,
,*;"$
,+,+,,-*+,,*,+B&&<F&7/=-

<B
,A,*&''L=;+,+"$,+,,",,,
,,,,+&B
7
,0"",",,+3*,,-
*+
,*,
*,"*+*,
;A	$-$$**,<,&''(=
**,,$+?,"$*-
-,$;K,,"
*<M	&''@=
;
,-+**
,
7?,,,*$
;K,""*,"",
*,<&''=G,+0 %
*,*,+
,
''*,0,	3,+
0 %*,,$"&''*,+,
	
,,+,"+*,,".,
0*,*,<,#$&&''@=;""3*&*"<	*,,
".,"$0 %*,*,=,+-*3
*,,$<G&''L=0""<&'4=	",,,+0 %

,-,
,*,,-+
,)"$;K,$
*,	,,"",$$,,,,,+*"3$
*,;K,*,"",$AK,7,,
*,<A
@(&	@@5=0,""	3,,+*",*,,
*,,$-
0*,,,"*	,,,,,
,*,+
7


+*
*<,#$&'4=;",+"
*,,".,"$0 %*,,,"*,,-0*,*,<&''@:
G&''L=*",",+
,$,,,+
**,;
,*+""<&'4=,",+
7**
B.*$,7"",*--,;K,
""*,"B	,$$,,*$,$+,,37**

"
,	,,B&
C
,
,--,+7
$
77
$,	"7
$7$""4B@
C
	$,B$"
"
,,"
 *;,$,*--+
*"3**,G"",+,+**,
*$+7?*,,,"*+*
+*"7,
,+$,,+*",,,--$*,+
*,+,;
,*
+,
+*,"
*

**",-,
G,,,-3*"G",*+*"
"+***"3,
-,
,$
""4B@
7
,3*";++,<G*@L(:*,
@L(=++,"
,+,
,<,7S+
&

&'':!$3	@(@:.@@4:G.+@@(	@@(
=;*,

++,'(b'M+"",
+*
,"*3"*<!$3@(@=,*
-	",,.,
"
+,",,
-,+*+*
$,;*<.7=,-,"",+
-
,,+*"3<X*
7
Y
7
=$""3*1++	
"-,,$"$
-
,+*"3,
,,$,+<B
,A,*&''L=,+$-

,,+$,+,-$",	3"
.7,*,*+-,
.+1<L=;,,$$,,
,*";K,""*,"<;\5'S=	,+**,

"--**,*,0@/L	G$-"
$$,,,T,+"*",,<!$3
@(@=,",$W
-,,2
T∝<a=
CI&
<4=
,,$***+",;,	$,$
***+*,,	*,,,,,,
-,;
,G$K,"+*,<-,",,+"*=		
,"+,,7-"7-,$	*,*,+.,+
*",,,,$)1<%,+@@L=*
,*"$,
'&''S,$$,;$$-
*,*",<'Q&''S=$,",,,,-"+	-,$
,
7?	-,*"""+"""


,
*,$*,

$0 %*


,-,0-+$+7*,$+**,	
,*,,+,,+<,.,&'''=
**$<%&''8=,
",;K,*,"0+*+
3*"$-
-	,*+
""4B@
C
,
,"$4B@
7
,1#,,,	,"+,,,+"",
,","+,*.*,",,"-;,**	
"","7,,*
+,";K,""
*,"
*
.,+$,*
,
-
;,,",$,
,1-*,
"","$,
&&

3	!	
		
A+""*,+"
*,,,+$1,,2B
,,,*
$	--",,$	+$
<*	.	?&'4=H,,1,,"",*.
*,,,,*	*$"-,.
.,-
",*,"-$*",",+*,
,,*",+*;$*,;,,,""*,"'''7
4''.*$;,-+

,<M&''@:G&''(	
&''@=
,<,&''(=;K,""*,"
,*,

,,"+<G&''/:J$&''/=,*$ ",
,,,,,*-
+
-+**"3
,-
;2;"
-;K,""*,"	**,+*
,,*
$	"",*+*"3$,,,+	
$,,O1P.,;;1,,,,2B,,1+
$,,",
+"*-*,"+-"

*",,,H;K,*,",-"+3$*"
,",	
$*,.$";,$,""*,"
,*,+$
.$%7)K,,3"*<%@55:@54:@5@=
*,,,+$*,"+$,7",$,,,
;+	,
$,,;<&''@=*$*",
$,,,+**,,*,"**
,"
"
*,*,"+"*-,"
,+,-,+1
,,+;,+
,	
,+,"$,,,
$,7","
*,*$"-,1,+$++
;+,1,
,,+$20,,*,+,
$<*	
.	?&'4=H;"*,,+$A,,,
*,"7+*$,,"
*",
-
*,*,<&'4=;,"",,
+$"*-
$,*,3$,",,,	
$,,,,*,"<&''@	B,&'&=;,""
,,+$	,*,,+*,",<+
**,*=,
,$3,",*,+$
$7**;K,*,","".

$*,"*,;*,*,"+$,
,,$++*,,,*<&'/
	&'/=+"

,",,+*$*,;,*+"
*,"
+
"*,	,,",	  ,	
+*,*",,	,,
*,<$	$=
,,<	*		$	,=
;,,
+-,
$
.,+*"3
*,<
&4

&'	&'4	&'/=G
"*,
,,1,
*	.

$,,OP	"1,,3
*,$,7",*,+"+
,
$
.,
,";*,*,
,*,
,,,"+*,
,*"*,$,",--$**,

,*"3"+"7
$*,;,,
"",""

,**,+,04	;
,'4',*",+,+
*"3*,+0 %*,*,	,,
,	,	
$$,0;
,&'/'	",,,+*",
",-,"*;",,,,,*+*+
*"3+,"
,<,,B&
C
,
,"B@
C

""4B@
C
= 7$,<B$"+"

,,"
 *	.&BL 
C
=;K,""*,"$Q
Z 
C
7
",**"3",	,,,,$$,,",,

",+*$",<EF 7=,

*,$-$,,*,;
,-+
$-*,;K,""*,"
7?,$$,,"""


,
,;*
.,+,7,
"*,*,*",<'Q&''S=","7,
,;,,,
,1$-**+*
,"$*"3*,	,,4B@
7
;

*,*,+*7*
++,+,7,"*,
*"$
'&''S -,,	*,*,+,*

++,**"+-,B,	,,<'BL=
"<&B'=,	-

*,+#$+$0,
1<&''8=;*,*,,*
+B
,,+,	++,,*
+
*,+BA
,,<",4=+
,-,+
,
,+*,,
,*,,,",+-,$**,+"7
$*"
;K,""*,";**",+;K,,-",
<?--,&'4=;*,*++*$+**,
*",",,""*,,**,,+
$;K,""*,"
*,+
,*,#
,,+
,+*+",-$-,
,+*,*,,
<B.*@(L=;-,,,,*,*,*,
$*,;K,""*,",1-*"3
;,
,1*"1,,,,"*"+*"3
*,$	 	A	B,",,
;K,""*,"<&'/
	
&'/=;3$*,
,
,*,
,,,"+
<&'/=;+A
C
+**$,";K,""*,"
,.,+-
*,*,<B&''8=
0%,,
"*<0%="**,,$$,,3$,"
&/

AA&<B,	&''L=$",+A
*
0 %
,	<	 	A	B=*,""*,"+;*--+* &	B/	
1+A",+-$*"<,
&'/+,=;$",*,	,,*"	",,
)M+3	
"
,*3"*,	.

B,<&'&=*,,*,,,*$,*+
$",,,"
*",
+*;K,*,"$
,0"	"3,+.,;>,""*,"+*D,	
,**"*"+*"3"
*,
3;>,*,",
,,,,<&'/=;
"$"+"3*"",,

*+
,,,+,",,*,
$*,"+&	473,1<3;,&''(:@@(=;
*",+"$,++$7"$+"3
*"",$$,,,,$3*
	
"D$-,
+
",*$*+
*"<3;,&''(=#,,+-$,+
"3,+.,++$-B A"
*,<
&'/=
A$$*,,	,7",*,"***""
;K,,+--,$,7,-*,$*

$	
,+"*1,+*
"
*+*$+

"*,;",,
",+,
7,+**7	**",
-,*,,++*",
3",1",,$+
,,+,"1,,<;
&''5	&''8	&''@:.&''(	&''L:
&''L=;,
,--;,,
7,+	-+;,
"
D,.-1,-,,,+.,<,
&''L
+,=,,,*"+**1
*

*,".,	,7,,	,*+
**",
-	,,<	&''@=;K,.,"


*3+1<&B8=	""<4BL=	*<B/=$,**
*",	.$<B =	
</BL=	
</B'=<&B&=
;+	,3"-;K,.,",-,	,,,
$"$**,;+	**,+,
,-
"",*,+$,,.,-$$*,,)+	
,*,,,*",+$.,;:-,.	
,.,
+,

**,,
*$,"$,,,;K,1,-,<.,
@@(:M$@L5=*
$,+*+,+
,,,,	"$""+$
,,OP	$%,<&''(=,$$,*$+,.$,
&5


,-,"*$,,;*$,
1,,,,,,+	,
,-3"*<,$
%,&''(	+,=;.$*++,.,,
,+*,,*"
,*$,,-,,
,$*O7P+;+*,"*++

,,
.$+3,$$7
.*$,,;
,,*"1,$,,,
"+**$,,,

-,
 <&''5=	,
-*,,+,
,+;+	
,+-$*,,*,,*,"
",+1",,,,+	;"",
,
$

,,,*0,,
$1,,,,"

*,$++	;,"
D,,,*
"-*,;3",
$;	*,,,
1	,0 %,*,
,,,"+$*

*,,,-$"
,<G&''/:J$&''/=A+,+"
,*,,*,,*,-$,*,,,"*<G
%?@55:%*@(4:$*@L@	@@'	@@'
:dD+*&''4	&''/	
&''8:,$&''8="
+*,$*",+,	,	
,,*,"*,,$"'	'''*""3**,,
,-$"
+%IW%\'
5
*",*,*,,,,
$,,,+**,*,"+;-,,3"
"
*,"*,;,+"*,,,*
*,*,+$,,1
,;K,,+,$1,,,
,"0<0:#@L@:G,	@L5=*7+7+$*,,,"*
<dD+*&''4	&''/=0,+.01,+*,*,+$

$*,	."$*+$*",,0
*,*,
*?$%*I,
**<?%=*,G


";,"<G;=
,-,+<!&''8=	",
*,*,**,
**-$,<?&''=,

"-*,,,"$*",+
,	
,
,
,,,*,,","*,*,*,
,$*,	*"3"*,*,+$
,,,,"
&8

4	
	56		7	"	
;,-+
,
0 %,,"*<0 %=
,,,*
"*<=70*"*<0=	+
,
7
"*<?=,*"+*"*,",0"
,
""<&'4=	"-*,"+0 %
,-+*,

,;>,""*,";,",
,++
7


+**,
*,<A@(&	@@5=;,+,7
,,,,B4
C
""*,++,$3*",+

*,;,+#$&'4	,,+"$
,+++B4
C
$-;,	,,+,,0 %
*,*,<&'4=
,*,+
,-*,*
++*+7**
B.*$,<"",*
--,=;>,*,"$,G,",$+
*,,-+
,<
,*,
,,
,"+=-6,,6
7,3"*
*,"+;*","
$*,<&'4=A

,,+,
*,	,""-+*",	*
,,*,
,,+$+*"3**,
,-

0*"*<0="*<?=
;B5
C
<G	&''(=;>,""*,",,*",A>,
,	

,77<&	4=
,<,$*
,
:	&'4=	,
+,$+*"3

*,0*&'*,,
,*,,+
,<G
&''(:M&''@=;>,*,",""0""
<&'4=+*",,+7*,"$-

,*"3,	,,,*--,+*,,"7
6,,6**	B5
C
	*"3$,,<*&'=0",
.	+**,,+*,*",B.>,*,,
<"",*--,=*"37
$
77,37
**
$
,<$	B&
C
*7,
,""=,,
7"7
$7*$,<$	""=",;,$,
+$$$"*,*,"+;$,2+
*/'<4'="-,,,+*,*,++*+
$*",*,+-*",
,-
,,70
"7,,
,-,	$*,;>,""*,",

+
3*0 %
,-,<;
4'=70*,*,
<;
/'=,",+-+ 7
$
,;>,""*,"	,
$ 7,G+*8'",",+
"$,,+,+8B5 B
C
;,,*,,
+**,*+ 7,	,,B&
C
*7,
,--+
"
&(

'BL 
C
""B$","
 *	&BL 
C
;
,7-,,,,*",*,+-+$7
$
,
,-
0",4'
A+*,*"+$,,*,,,-+*,
,"<B
,%&''L:G&''(:,&''(=).
,-,
,,"	*,;>,""*,"
7?<G
&''(:,&''(=A,,*$+*,,,"*+
$-,++*$I$*,*,
7?		
*,,
*,-$*,,	$-$*,",;,
*$,+*,+-$$*,	,7

,;*,+
,;>,""*,",
-"
;
,-+-$*,
7?,,,*$
,
$-*,;>,""*,"0	"",*,7
,*"3
,$.,+*
+*"7,
,	+$,,+*",,,--$+*+
,<*/'
*8'=;,,*
+,,
,1+*

,--**,*",<;\
5'S:/'=,-3*","-
""4B@
7
;>,
""*,";,*,,+,,**,*+
+,
,,"$
,*,.,.,,+
**,;#,,	,"+,""",
",+"*,$,
#*	*,;>,""*,"*,
6
6*+
,,,+$,,,<S*"&'=	$,+7
*,,***++,
*<?,,&'&:B
,	
%&''L=0,,
$.$;",*+"*-
;*,+
,
,$7**$
-*+;*",",,,,+**,*";
+,,+,*,*,",+3,",*,+
$	,,;>,*,",
,$".$

$*,"*,;"
*,*,"+$
,,,$++*,,,*#7
,,",,,$
+*
,-,*?$%*I,
**<?%=I
+*,G

";,"<G;=+,,,+*"3
$*,	,1,","+.,",
G.$,,,+**"
;
,-,+*,,7B$,,"$*,;,1
*"3 ",,,,,,*-
+
,*-,+
**"3;,*"3,,""*,"-$<\
@''74''.*=;*,
3*",+*,;>,"
*,"*,
&L

D$*"*,	 7,$",+*
EF 7B+$"	,+$7
$
,<,;
4'	;
/'	
*4'	*8'=#*	
,,	;,,+"
D
,,,*,.",,,,"*,-,+1,,,+<&''L	
&''L
=$-,.*",+,1*3,;	
*.,,,,+*"3
*,",,

,,+",$,,
6
6,-$,-",,
1-+"",,
,"
,+"*1;K,,+	
,-,+*"3"

*,*,"$
,*,
,,"+
;*$"-*","-,1,+
$*",,,"*-$++
;,"",,,,",,
,+$,,,*,";7
"

;*,+
,
,-<&'4=+
*$$,+;>,*,"
,*,*,
,*,

,,,"+;$*",$,"",*,2-
"-*,+
*,
,,+*,,,+
,$+$*",<$*"*,	 7,=,,,*
A,,*,*,,""-;,*+"


$$+
$,,,0,
*,$,,,;",
*,-,*,*"3,,"
*,0,,
,*
",,,-3,$*,"+"*-
"+*+*+,$+$*,"

+<$"*"--,
,,	
,7+-7**
$
,,$=;,$,,,;+,$
*,	++,","<&'	&'4	&'/	
&'/
	&'/=+,$+$*,
*,+
+
,*
,-,,$*,G

";,"<G;=$,c
,**,"A
,-+0+,*<A#0=*+
$0+,*,,"
7-
,","	
","<&''	&'4	&'/:&'4=,
"
,"
+*?%**I,
**-$$G,,,
",;,
,**,
**,,
"
7
++"
,,,*

6 		
;,.,,""" !"#$
,,,*
"*<=D$ ",?
&/4&L,
,0,	;3,.$,,""
0%0)<0 &'&2D
O;2","*";1,+,",*,",P=

)-,+$<#A+,=G$+
*,+,++
&@

$+*,"+++","-,"-;,,*
$$"
+*,,+,*,",+
4'

51	
	!	G+	 	d,	?%	&'4A
,-,+0,#**2-
+

,!B

d,
$4	/4@7/54
$	%				&'',*++ 7	,*,
,-
*,*,"",5(	?&
										&'4""Q,*",
B.K,**Q,*--,;K,""*,"
"L(	@87'5
						,		&''!,7,
*,;2"+
?
S%,*,#*,%,*,+%,
A
,-
,,%,,202$,+;;$;*2G.,";>,
#*	-# 	!"#$	"(@
,$	B	$$	S		&''8,A
"*+0 ,,A0 
785
	 	&''@*,;!,7,
*,0%
'	&4'/7&445
	M	,.	%					&'4,	**
",""*,+*I#;,*,2$++*
1
*$,**,5	''@/7'
,		,	S	@88*"B.;""";*
/	@/7@(
,		B
,		@LL-,,02%	;	G*,	<,=++,
,*,S*
,,""(7/'
,	G	.,	?A	&'''0+,"+"*
,<B,=
*,&8&	&L57&@
$*	;	%	;	
	B	@L@B$7,*7+7+$*,,,"*,20
++,++,,-+*,,-0,*8'	4/(74/@
$*	;	%	;	
	B	@@'B$7,*7+7+$*,,,"*,00
,,
*",-0,*8	&5L57&5@
$*	;	%	;	
	B	@@'B$7,*7+7+$*,,,"*,000
+,$-0,*8	&5@&7&8''
	?	,7	%		&''8?
*,*,+*
+B,
,2*",+B$,,,#,,,44	
&L@74'
,		*,	0	*	0G%		G	,				@@(;-
,,+BB&2%,*+#*+B40,,,",/L5	
@57&'&
.		!"	B	!
		%	%	;,		&''(+

 $-0LB
7
;%7,",88/	?/47?/8
,		D	#	%		!*	7	?!	7?	&'S,,*
*"+ 
7
<B4 =0,@'7@'5
4

	!			&''8A
,-+A
7
),$%-","2+
,",,",8/L	?(@7?L
		!	%	$	%		&''(,*+/B
7
	,
,,,",/8(	?4(7?/'
.	%	!,,	A	&''(;***+$7",,,"&&!
*,
**,&(	&/5'87&/5
.	%	!,,	A			;
	!	&''L-,+%;2
3"*,,+*
+%,,+**?
+ccc0c
,eL4(B,	;c
		@LL;+-,,*",02%	;	G*,	<,=
++,,*,S*
,,""78
		@LL
*+,+*",,*@&	4(474L
		@@'#,*,2;$,3"*-,*
/	87@'
,		#	?,	!	J$	;	G	B			&''(,-+-
$-,;>,,"!",,?4/	?&&'4
,		G
.		?,	!	,	!B	J$	;		#	G	B	&''@B-
$-,;>,,"2""5(	L887L(
,		G
.		?,	!	,	!	J$	;		#	G	B	,		B	
;G			&'' $-0,;,2,,#,,,,
/(	&@474'5
		%,,	A	?	0	?--,		M	M	&''@,*+*
*",+;>,?.,,",('(	?&L7?4
		$	B	.	B		@@(%$+"+*

-,?,,),$-,3",,,*-;A3
-$7$#*,,,+?,+*
&	4A3,1**@	&((7&LL
3	%	;,		&''(*",$7"$+"
3*"";84	58857588L
*		@85#*,+
*,*,, J.7?
	#	%$		%	S	G	B	G,.		J$	;	&''@B-,	
*",,;>,,"2*
,,0 %
,-,
"5(	L/(7L58
.	?	G$	;	S
		@@4++,+,*"*
,	

+*7,+1
**5	(LL7(L&&
"	!	%1				@L5,$,$+3,**,+7
*,,
&'

S8'

S,#,&L	&(47&(@
-	S%	!			@@'$,+**
&	5(5'75(5@
#		%	%	%$	S	G$	#	G,	%	@L@,"0+%,,
"*+?$*,&/8	8/7(
!		%			&''8;*,G

";,""-,&4	
4&

/L578'8
!	%	&'4;%)-,02*	0G%<,=,*,,
$	
,*,"$7M$B
$""457(&
!		B$		@@&3"*-,$,+-,,",,,,
,*,*-@&	5'@754@
!
	!	*		@@';+)**
,.
+,
!.,	0	?+,		@@4;*7"%,,".!",87;
%",A$%,,"*&L	4(&74((
!
		.		%	%	;,		&''(;,"*+ 
7

*,&8	@'77@'7/
!$3		?%,	B	*	0	@(@*+,+*,+B$
***"+",
**'2'	&58(7&5('
!"	B	.		;*,,	#		&''("+
 $-0,
/B
7
LB
7
,",855	?5(7?8'
!	#	;D	%	.-	%M	%		&''*"*+74B&
7
2;
+",+*0,,,",555	/887/(
B		*	?	"			-	@(/%A
;+
+A$*",cc4B(
C
,,,**
@82&	5@@78'
B				 
	#%	&''8*0"+;,*
0,A
,-
,,,*"*2*",,M$	
!",,?44	?'L&'
B
,		@L$-*,
,,,H &L@	
858785(
B
,		&'';*,+0,"*-4'	8L7(8
B
,		&''5*,+7#*$$,,*'@	/'(7/'&@
B
,		%	;	&''L;*,+0,,02*	0G%<=
?;*",%,0*"$,,""75/
B
,		A,*	J	&''L,#*,%,*,+B,
0,*,%,",8(@	8('78(@
B.*		@(@""3*,$+*+7*,*,
('	/L(&7/L(L
B++*		@8/3B.M
*0,*,/'	&/L'7&/LL
B++*		@8/
;),$+ ,,
*0,**
L8	&5@7&8
B
.	S	$	%	
,	B	@@8)*,&G	 J.
B,	%	M	M	J	M	&''LA$+3$,",;>,*,"!",,
4	'''8	""7/
B,	%	J	M		&'&#*+*, ,,;
*,"*3"*,
$&	L'@7L(
44

B$	#7	
		@@';*7,-,,+%"0
0,+S+,?$70,,,**&	L8(7L8@
	d	*				,.	%	&'&*,;2",,
$
 7
$
,0,&@	878(
$	J	%,		&''(A;+A$,,6G6**
&@	5/@&755'&
S*"	G	&',**,-,*8&	(47L/
S"",		!$-,.	J	&''L;+*"$,7",,02
*	0G%<=?;*",%,0*"$,,""(57&&@
?,,	%	!""	G	 *	!	&'&0*,""$,(5<'88@'=
<(5""=
?--,		J	M		&'4,$;>,," '	&(&@7&(4/
?		M			&''$+;>,*,",
**-$,
+*
$,"+"5L	(&/7(4@
?		,			@@L;,,"*02+++	#	<,=
%,*;1,",*,2,!)!",%$"""&5(7&8&
?"					;?		M	@@8
,++*+4B4
C
+*
+B4
C
+*"*,(	@'57@'@
?		?	0	 ,		&'"H,,-*;>,,

,,M8	7&'7/LL
?..	S	 *.	%	,	;	;"	M	?
$	G	@L(*
,","*,+B& 
7
& 
7
*,L(	8L/&78L54
%*		S-	M0	*..	M	d$	@(4;%,,7+	*$
*7+7+$*,,,"*$,-,"4(	/57/L
%,		&''@0
3"*,	;,	*"
,*4	/5@L7/8'L
%	%	!
		!"	B	;,		&''8?
,*
0++ $-%08B
7
,",85&	?/7?//
%	%	;,		&''LB$7,,","+
,
4 7	/B7	/7*,&@	'5/4/77'5/4/78
%	;	G,			%	*	 	B
,		&''(B
,0,
,*,-",,",88&	?L(7?@'
%	?	@54+*,),,
*-,(	
5&L7/&@
%	?	@55+*A$*",,,
*-,
**((	&457&48
%	?	)	B	@5@A$*",,*-4'	&/57&5
%		?			&'#,+$,<B =;>,*,"
,,",548	?&
%,+	;	
7		?!	7?			%		@@L?*"
*"*
,#,,,	'@	(7L&
 		%		#	%!	#.	MM	S
	B	",,	S	&''5AG2)1
4/

-+A$*",1,,",$*0//	4&(574&(@
 *	B		S		&''5;*",+;>,*,"+*!%
B$,"
	*",+$+$* /4L	((@7(L/
A	!	S-,.	;	@8L

*0,?cM+B$
.,#A4B7
#57A&*"-+%>, 7.*0,
**@'	/8887/8(&
A	!	S"*	!	@(,,
;;7+$+
%	B/
C
*,?	8'/78'L
A	!	@(&;!"+
,,+++
;-<6,,6=
*0,+*;77;
<6 ,,6=
*0,;+
,",**
@/	L'L7L&'
A	!	@@5%+
,;*,< 
=
$*0$4/	4@47/'5
		@@8 -", 
7
,,*,-",2
*",+0*,% ,&L	4(7//
		&''B$0,	B 2S",*,+;>,0,"H
0,5	@87&'4
		,	;	#*	!	%	%	@@;0I%*,+B&B 
0%,,"*0,,'(	4@744
		B
,		@@(*,,--$,,",2
*,*,",/@	&'7&5
		&'4,","*,,**,5	85@5788'(
			M	&'3$*,1*7*,2
1
*,,",""",+,**,4	(5L7(88
		,.	%		M	?$	?		0	
,		,	?	&'/
+"?.$!,,2V*7*
","+!""$,*?5	54/75/'
		,.	%				M	&'/
,","+
32-
,+;>,*,",,$*++
0+
,,",(L5	'(
				,.	%		M	&'/,","+
"32""
,",;>,*,",",
(@&2L<8""=
			#	!,,		&''V*7*+,",""*,
+,","0-,,*&@	&(4748(
	#	&''L,
$B

+;"-45	4(7/L
	#	&''L
A$.,; /5/	5L(75L@
	#	%S		?		A	;	&''@;>,,
$02	B<,=;
+*,,7B$,"$""&57&44
*D		B,	%	?-,	#		%	%	;	&''(+LB
7
*",
LB0C'&8,",88/	?/(7?5'
45

,7S+					;	+000	B#	&''++,+
*B
,,*'5	5&/75&L

,		B
.	S	@(&)*,G70, J.
		,		$	M?	@@5#?),,+,0%,,"*
0,,,/@I5'	5(475@8
		"	!	%1		!		@L/+, &
C
C& &[ /
C
C &
A&
C
C&A&[A/
C
CA&+*&'8'S
)1*,L'	/@57/@&
.	 	.	;	A,*	J	J**		&''(+8B
7
7*,,",
0'/48LC&55(?5&(,",88(	?857?8L
.	 	.	;	J**		&''L;-+/B
7
7*,,",
0'/48LC&55(?5&(,",8(4	?(7?(/
		$$	S	,$	B		&''8-""+*,$*7+7
+$*,,,"*0%,,"*&5	(47L
		G.+		@@(*",","+"&2
3*,,*,?&(/	L7&&
		G.+		@@(*",","+*,,,,2
7B&A,*,?&88	&'7&'5
*,			S	@L(
0+,*-L(	5457555
				"	#	B		,		,		J$	;	&''@
B-0#*;>,0,"2*$,"++3$,
+;>,,,H"5(	5/(755(
*	0G%	@L@++,+V*%;$,+-,,
,",4/(	&L&7&LL
*	0G%			&'''S,M?;*",2?
,
0,*,*,44	&87&8L
*	0G%	&''&*,*$,,,2.,+*-
4	4(7/8
*	0G%	&''8,-*",2!,.,+$*
0/5	&L/&7&L8
*	0G%	.		?		&'4,*,,
$	,*,
"$7M$	B
$
+	%	#	%	@L8,*"3,,+B4
C
&B/&B&
*,L5	(8(7(((
.,	!S		-	@@(

*,Gf,
;	;	c		 *.	%	@@L,"+&B
7
<F7/=&
7
<F74=
,*,'L	''L7''&8
;,		!
		!"	B		&''L?
,*+
 $-%04 
7
,",8((	4&74@
;
	!	!,,	A	?		%1				&''5;>,,++*
"*7
*0,(5	/@875'&
;
	!	?				&''8",$,,$,$+*,"*;
 //'	878/
48

;
	!	.	%	!,,	A		&''@-+;*",+,

;,48(	8@784
;	!	!		S"",		@@8,+;,7;
,*''	&((7&L''
M$		@L5
*,,-A3+
M	M	J	M	?--,		S"",		&'&",,,?,,2
0*"#*+B
,;,",(//<=<(""=
M	M	J	M	?--,		&''@*",*,+;>,*,"
,";,48(	(&@7(/
M	M	?--,		J	M	!	%	G
.		?,	!	,		G	7	
&''@
 $-*,;>,""*,""5(	55L75(&
G	B	J$	;	,			#	%$		%	S	G,.	B	&''L
;,+-$,,,;>,*,"02S.		+		
<,=A$%"$,0)*",* &54&74&8
G	B	J$	;	G,.	B	?	0	%S		?,	G	&''@B$7
"+;>,,,02	B	<,=;+*,,7B$,"$
""&'7&/
G	B	 *	B		&''50*,,,"*,,+*+,+
+
;4'L	@L&7@L8
G	B	?,	G		&''/;,,*,,,"*<0 %=
-,$"-,/	47&4
G	B	J$	;	-,	;	,			#	%$		G,.		&''(	;
,,++*;>,""*,"48	L('7L(5
G
.		,		,	!B	?,	!	G	B	&'4,,7?
,-,+
$-,;>,,"2;,+,!",,?/'	//L7//L5
G	%	*	0	@L(*","+;"" $-0,
*-L(	8'(78&&
G,	%		 	J*,	%	#		@L5,"0++?1
*$",%,,"*,*5(	8(578(@
G$		@/LA-+,,, ;,,,-(4	''&7''@
G	G	%?	0B	@55;*7+7#$%,,"*0*"-,
-0,*&8	5'75(
G,	B		S	&''/,+*$"*,+;>,*
"*,","!",,'@	'8''&
G,	%	@@L;*7+7#$0*",%,*;1+",*,02
+++	#<,=%,*;1,",*,*!",)""/755
J.*	S	?	!G	S*		?
$	G	@@8*,","
*,+"
,,+$-,2
&
7
&
,,+B&
7
*,'5	
'8@87'('5
J.*	S	?	!G	S*		?
$	G	-	0	!,.	%	@@8
*,","*,+-
3"7
,,+B&
7

*,'5	'('87'(L
4(

J$	;	$	?		@@L,,",*,"*-,$02+++	#	
<,=	%,*;1,",*,2,!)!",%$"""&4(7&/&
J$	;				&''/,,",*,"*-,$"
-,/	7&
J$	J?		%			@L/*,+*,"+;2*",

*
,-,,",""55	/8575'8
dD+*			J		&''4B$,*,,,"*,$,

*"0%,,"*&&@	5578'
dD+*		,,			&''/*,+,,,
*" 
0,*%,,,,54&	@87&'&
4L

		"

	+2*",+
,<"L=;>,""*,"
,-
0
 %,,"*<0 %=,*;$"*,+*
+
*,
<	"&'4	+,=

	,2*",+
,
,-0 %*,*,3
,,+
*,"+*
0 %70
,-,<,4'=;B&
C

,
,--,+
777
D$"*

,,7,$,,*
,,

	-2;,,0 %
,-*",+ 7
$
,;>,""
*,"$	.,	.,	.,$
*,+ 7,<$"	"=,3+
,7-,,

	22*",+$7,
,*"3
,70*,*,;
,,,",	,7,$ 7,B&
C

,
,-,--,,4'+*,"+*
*",*,

"	+82*",*,+
,+;>,""
*,";7
$7"7
$"
,,
;,,*,
<(B(
C
=	B&
C
,
,--,+"<B@
C
=	
"<5B
C
=	"<(B
C
=	,<@B4
C
=$,	""
<4B@
C
=(B
C


"	,8*",+$*,;>,*,"$,
,-

0 %,,"*<0 %=
,,,"+;*,
,
*$,*,,+
,,"+,-"",<,,
&'4=

"	-8 7,	
2*",+"
*",+"</B5 B
C
=	"<5B5 B
C
=	<8B( B
C=
,*",+
,"$,,,/B/ 
C
	5B/ 
C
8B5 B
C
;>,*,"
$,0 %*,*,;B&
C
,
,--,+1<'BL 
C
=	$
$"</B' 
C
=	""B$""
 
*&BL 
C
+;>,,"*$",,,,<,3
+,,,=

"	28;,*,",*"+
(B(
C
;
,,+*+*B&
C
,
,--,+"B@
C

4@

""4B@
C
$+*++-**
$+,

$	@B(
C
;,*,
,
7

+**,
"$,+,+*,+,7,,""
*,<,++&'4=

"	38;7+,
77"7+,7,,*,$*
,
,,$"


,,"*+,"$
 7,,,

"	48;,*,",",+"$,,+,+&B/
8B5 B
C
+**,*+ 7,,,B&
C
*7
,
,--+1'BL 
C
"B$","

 *&BL 
C


7+*$*+,,",<J$&''/	"-,/	7
&=




 
/'

;


	9 :	
	
 B/
C
 B5
C

& &B4
C
 &B5
C
 &B(
C
4 4B4
C
 4B5
C
 4B(
C
/ /B4
C
 /B5
C
 /B(
C
5 5B5
C
 5B(
C
 5B@
C
8 8B4
C
 8B5
C
 8B(
C
( (B5
C
 (B(
C
 (B@
C
L LB4
C
 


;
&

	9 
	:	
@ @B(
C
 @B@
C

' 'B4
C
 'B@
C
 'B
C

 B(
C
 B@
C
 B
C

& &B@
C
 &B
C
 &B4
C

4 4B(
C
 4B@
C
 4B
C

/ /B@
C
 /B
C
 /B4
C

5 5B
C
5B4
C
 
8 8B4
C
 
( (B
C
(B4
C



;
4

	9 %;	:
  B/
C
 
& B B
C
 B& B&
C

4 B4 B
C
 
/ B4 B
C
 &B4 B
C
 &B5 B
C
5 /B/ 
C
/B5 B
C

8 B5 B
C
 5B/ 
C
 5B5 B
C
( 8B5 B
C
 8B( B
C


 
/


;
/

	9 %;	:
L B( B
C
 
@ LB8 
C
LBL 
C

' B@ B
C
 @BL 
C

 'BL 
C
 'B' 
C

& B B
C
 B' 
C

4 &BL 
C
 &B' 
C

/ 4B' 
C
 4B& 
C

5 /B' 
C
 

	
		<						
		 	
 	
	!	"	#
!"$			%	&	"	#%&"$	'(	
	"	
				

																																																							5'"'5
:	:9:/9:"	
								
• A$*0",;>,""*,"	
• +
,
,
,,0 %
,*,	
• A$,,,2,1+*,+
,	
• A+**,*,+
,	
• %,,,"$*",	
• 
*,"*,	
• ;
-,$,+,*
,-,	

	


Figure
Figure
Figure
Figure
Figure
F
ig
u
re
F
ig
u
re
Figure
F
ig
u
re
